To examine clinical outcomes following expansive open-door laminoplasty (EOLP) in the treatment of multilevel cervical spondylotic myelopathy (CSM) and the factors that influence these outcomes. METHODS: This retrospective analysis in CSM patients following EOLP investigated the relationship between recovery rate, based on the Japanese Orthopaedic Association (JOA) score, and the impact of age, duration of CSM, and axial symptoms, including the effect of EOLP on cervical curvature. RESULTS: In total, 79 CSM patients were included. Overall, the preand postoperative (1 year after surgery) mean ± SD JOA scores were 9.6 ± 1.4 and 14.7 ± 1.9, respectively, indicating an improvement of 68.9%. Factors that were significantly related to 'excellent' (≥ 75%) or 'good' (≥ 50% -< 75%) recovery rates included a high preoperative JOA score, short duration of CSM (≤ 12 months) and patient age < 50 years. Significant reductions in cervical curvature angle were only observed in patients with axial symptoms. CONCLUSIONS: These results indicate that CSM should be treated early. The severity of CSM, the patient's age, cervical curvature angle, operation technique and axial symptoms play important roles in clinical outcomes.
Introduction
Since it was first proposed in 1978, 1 expansive open-door laminoplasty (EOLP) has been widely used in the surgical treatment of multilevel cervical spondylotic myelopathy (CSM), ossification of posterior longitudinal ligament (OPLL), spinal cord injury without fracture and dislocation with cervical spinal stenosis. Although many long-term follow-up studies have reported that most patients recover satisfactorily after EOLP, there are numerous reports regarding postoperative complications, such as axial pain, loss of neck mobility, postoperative palsy of the fifth cervical vertebra (C5) and late neurological deterioration. 2 The purpose of the present retrospective study was to examine clinical outcomes in patients with multilevel CSM following treatment with EOLP, and to determine the impact of various factors including disease duration, severity of symptoms and age, on these outcomes. 
Patients and methods

STUDY POPULATION AND EXAMINATIONS
This retrospective study included consecutive patients who underwent EOLP for multilevel CSM at the First Affiliated Hospital of Soochow University, Suzhou, Jiangsu Province, China, between June 2000 and June 2008. Patients were examined by cervical spinal X-ray and magnetic resonance imaging (MRI). Patients who had multilevel CSM and had undergone preoperative neutral lateral cervical spine Xrays that showed retained cervical lordosis were eligible for inclusion in the study. Sagittal and axial T1-and T2-weighted MRI of the spine was carried out using a Philips 1.5 T Eclipse MRI Scanner (Philips Healthcare, Best, The Netherlands). All patients underwent surgical decompression with EOLP from C3 to C7.
The study protocol was approved by the Ethics Committee of The First Affiliated Hospital of Soochow University (No. 2012468015). Written informed consent was obtained from all participants.
SURGICAL PROCEDURE
The patient was placed in the prone position with the cervical spine maintained in the neutral position by an inverted 'U'-shaped bracket. The neck was flexed and the nuchal level was maintained horizontally. Care was taken to ensure that patients' eyeballs were not compressed by the face-support frame in this position. A sterile operative site was established by prepping and draping, and 1% lidocaine with adrenaline was applied to the midline to minimize bleeding. A midline longitudinal posterior incision was then made from the occipital protuberance to the T1 spinous process. The dissection was continued, using electrocauterization, through the midline fascia and ligamentum nuchae, exposing the spinal processes from C2 to T1. Palpation and visualization of the prominent bifid C2 spinal process were used to identify the levels. The neck muscles were separated from the spinal processes and laminae with monopolar electrocauterization.
The supraspinal and interspinal ligaments at the proximal and distal ends of the exposure were preserved during this approach; monopolar electrocauterization was used to incise these ligaments in the midline during planned laminoplasty so that the facets could be visualized adequately. The spinal processes were cut short and bony gutters were located bilaterally along the medial margins of the facets. Using a high-speed burr, the surgeon made a preliminary bony gutter on the surface of the laminae as a guide. Then, drilling proceeded through the outer and inner cortical margins of the lamina on the side to be opened. To create the hinged side of the laminoplasty a second trough was made at the junction of the lamina and lateral mass; disruption of the facet capsule was minimized in order to prevent postoperative instability. To minimize the risk of breaking through the inner cortex of the lamina, a 6mm diamond burr was used to cut the outer cortex to create a greenstick fracture on the hinged side. A large burr tip was used to create a slightly wider trough on the hinged side so that, when the lamina door was opened, it did not make contact with the walls of the trough. The lamina was again thinned with a burr by removing the outer cortex and approximately half of the cancellous bone, making sure not to violate the inner cortex that was acting as a hinge. Before the lamina door was ready to open, stay sutures, which prevented the door from being closed, were stitched through the deep muscles and capsules around the facets of the hinged side. The lamina door was then H Zhang, R Zhu, H Yang et al.
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opened and the edge of resected border of the laminae was elevated using a large Kerrison rongeur with the corner of the retractor acting as the fulcrum. When each lamina had been elevated, the remaining yellow ligament and any adhesive fibrous bands between the dura and the inner surface of the laminae were divided with scissors. At the final stage, the stay sutures were tied around the base of the spinal processes through the facet joint capsule and paraspinal muscles to keep the laminar door open. The semispinalis cervicis (a deep muscle of the back) was repaired at the C2 cervical spinal process. Spinal processes C3 -C7 were removed for autografting on the hinged side and postoperative negative pressure drainage was initiated for 24 -48 h. 1,3 - 6 The patients were ambulated after 2 weeks of bed rest and were required to wear a cervical brace for 2 -3 months.
CLINICAL EVALUATION
Clinical outcomes were assessed by the Japanese Orthopaedic Association (JOA) scoring system for cervical myelopathy, as described previously. 7 The recovery rate was then calculated using the following equation, originally proposed by Hirabayashi et al.: 3 recovery rate (%) = postoperative JOA score -preoperative JOA score / 17 -preoperative JOA score × 100. A recovery rate ≥ 75% was considered excellent, ≥ 50% -< 75% was considered good, ≥ 25% -< 50% was considered fair and < 25% was considered poor.
Axial symptoms that emerged after surgery at the final follow-up were also investigated. According to the severity of symptoms and the impact on daily life, axial symptoms were classified into four grades: excellent, no axial symptoms; good, no difficulty in activities of daily living, slight neck pain and/or stiffness; fair, occasional difficulty in activities of daily living, moderate neck pain and/or stiffness; and poor, frequent difficulty in activities of daily living, severe neck pain and/or stiffness. 'Excellent' and 'good' were defined as nonaxial symptoms, 'fair' and 'poor' were defined as axial symptoms. 8
RADIOGRAPHICAL EVALUATION
Cervical lordosis was evaluated on the basis of lordotic angles, which was the Cobb angle (α) measured between C2 and C7 on neutral plain radiographs. 9 A negative change in the lordotic angle indicated increased kyphosis, decreased lordosis, or a change from lordosis to kyphosis and vice versa for a positive change in the lordotic angle. The principal authors (H.Z. and R.Z.), who were not involved in the care of these patients, reviewed and evaluated these criteria.
STATISTICAL ANALYSES
All statistical analyses were performed using SPSS ® statistical software, version 13.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . The data were compared using the χ 2 -test or independent or paired-samples Student's ttests as appropriate. A P-value of < 0.05 was considered to be statistically significant.
Results
This study included 79 patients (45 males, 34 females) with CSM who had undergone preoperative neutral lateral cervical spine Xray that showed retained cervical lordosis. MRI showed that 71 of the patients had CSM affecting three levels of cervical vertebrae and the remaining eight patients had CSM affecting more than three levels. The patients' mean ± SD age at the time of surgery was 59.7 ± 6. At follow-up (1 year after surgery) the recovery rate in patients with CSM for ≤ 6 months or 6 -12 months was significantly higher compared with those with CSM for > 12 months (Table 1 ; P < 0.05). Patients < 50 years of age had a significantly higher recovery rate than those ≥ 50 years old (P < 0.01; Table 2 ).
Overall mean ± SD JOA score was improved at 1 year after surgery and was associated with a mean recovery rate of 68.9% (Table 3 ). There was no statistically significant difference in recovery rate based on axial symptoms (axial versus nonaxial; Table 3 ). Patients classified as having an 'excellent' or 'good' (≥ 50%) recovery rate had significantly higher pre-and postoperative JOA scores compared with patients classified as having a 'fair' or 'poor' recovery rate (< 50%) (P < 0.001; Table 4 ).
The cervical lordotic angle was significantly decreased in patients with postoperative axial symptoms after EOLP (P < 0.0001) but there was no statistically significant difference in patients with postoperative nonaxial symptoms ( Table 5 ). 
5: Relationship between the presence or absence of postoperative axial symptoms and preoperative and postoperative changes in cervical lordosis as measured by the cervical lordotic angle following expansive open-door laminoplasty in patients with cervical spondylotic myelopathy
Discussion
Opinions on the most appropriate treatment for CSM vary. In a few cases, where CSM is stable and self-limiting, some researchers consider surgery to be unnecessary. 10 Evidence from other studies suggests, however, that CSM requires immediate surgery once diagnosed. 11 Although surgery is not the only option, it is effective for preventing the continuation of symptoms and for inhibiting pathological changes.
Generally, the course of CSM is slow and prolonged, with early onset of mild symptoms in the neck and shoulders. 12 Due to lack of awareness by the patient and lack of knowledge amongst medical personnel, erroneous or missed diagnoses are common, resulting in delayed medical treatment and worsening pathological changes which, in turn, impacts on surgical outcomes. 12 Alker 13 suggested that long-term spinal compression causes the inner tracts of the spinal cord's white matter to display obvious demyelination and secondary ischaemia, especially spinal cord anterior artery embolization which causes spinal cord necrosis. Thus, it is important to be able to identify those cases where surgical intervention cannot alter pathological changes in the spinal cord. In addition, systemic blood vessels develop varying degrees of sclerosis with increasing age. 14 This unfavourable factor is common for the anterior spinal artery and all vessels involved in the supply of blood to the spinal cord. 14 Compensatory mechanisms are also more likely to be impaired in the elderly, resulting in slow recovery of neurological function after surgery. 14 The present study demonstrated that the rate of postoperative improvement was higher when the preoperative functional state of the spinal cord in patients with CSM was less impaired (i.e. high preoperative JOA score), the duration of CSM was ≤ 12 months Surgical methods can also have an impact on cervical curvature and clinical outcomes. For example, biomechanical studies have shown that cervical laminoplasty produces more obvious biomechanical stability than laminectomy. 15 -17 Posterior laminoplasty damages static mechanical balance and flattens cervical sagittal alignment, causing significant damage to the ligamentum nuchae which is the major constituent of the ligament complex of the posterior cervical spine, stripping off the bilateral paravertebral muscle and cutting off some spinal processes, and inter-and supraspinal ligaments attached to it. 18 These factors significantly impact on the original basic structure that maintains biomechanical stability of the posterior cervical spine, facilitating postoperative loss of cervical lordosis and leading to postoperative axial symptoms in the neck and back, e.g. stiffness, hypodynamia and limited mobility. Preserving the funicular section of the nuchal ligament attached to the spinal processes of C6 and C7 plays an important role in preventing undesirable radiological changes after laminoplasty. 18 Additionally, it has been suggested that the posterior ligament complex comprising spinal processes, inter-and supraspinal ligaments and adhered muscle, is an important determinant in maintaining cervical stability. 19 The semispinalis cervicis muscle, which attaches to the C2 spinal process and lamina, is considered to be the primary posture muscle group responsible for maintaining cervical lordosis. 20 Consequently, it is essential to reconstruct the muscle attachment point during surgery or, if it is necessary to remove the muscle attached to reconstruction of the attachment point for the muscle is warranted, otherwise the risks of reduced cervical lordosis or inversion of cervical lordosis and deformity are increased. Despite these concerns, in the present study, there was still a loss of cervical curvature of varying degrees during postoperative follow-up, which illustrates the unavoidable damage associated with laminoplasty on cervical structure. This damage can, however, be minimized by improved surgical technique and effective postoperative functional exercise. 21 The appearance of postoperative intractable axial symptoms is another major factor influencing clinical outcomes of EOLP for CSM. Current research suggests several reasons for the high incidence of postoperative intractable axial symptoms: damage to the posterior neck ligament complex and attached muscle; damage to the dorsal rami and the suture's tractive effect on the facet joint capsule; loss of cervical curvature and reduced mobility after surgery; and prolonged fixation of the neck causing adhesion and atrophy of the neck extensor muscles. 21, 22 It has been shown that, after laminoplasty, appropriate postoperative muscle exercises may help to maintain or restore the physiological curvature and prevent kyphotic deformity at medium-term follow-up (about 3.8 years). 23 In another study, severe postoperative axial symptoms were associated with significantly reduced cervical curvature. 24 Some novel surgical techniques for laminoplasty have been reported. 25 -30 Many institutions, however, lack the patient numbers required to make an effective assessment of the efficacy of these novel methods. To evaluate the feasibility of these modified techniques rigorously, prospective controlled studies that include more cases, with longer follow-up, are required.
In conclusion, conventional EOLP has proven to be a useful treatment for multilevel CSM, with satisfactory long-term results. The results of the present study have indicated that CSM should be treated early, and that the severity of CSM, the patient's age, the cervical curvature angle, operation technique and axial symptoms play important roles in clinical outcomes. There remain a number of unsolved problems, including segmental motor paralysis, postoperative axial symptoms and kyphosis, while there is also uncertainty as to whether these problems develop before or after surgery. Continuous and vigorous efforts to refine surgical techniques and establish a radical nonsurgical strategy may be necessary to improve clinical outcomes further.
